Growth, digestion and in situ studies were conducted to determine the protein value of hydrolyzed feather meal (J?th) for growing ruminants. Dacron bags containing blood meal 0 , Fth, corn gluten meal (CGM) and soybean meal (SBM) were suspended in the rumen of two steers for 12 h to estimate escape protein. The escape protein value for Fth, 69.1%, was less than that for BM (82.8%) and CGM (80.4%; P e .05) but greater than that for SBM (26.6%; P < .05). Apparent protein digestion by lambs was similar (P > .lo) for isonitrogenous diets containing urea 0, BM, Fth, CGM and SBM. Amino acid contents of the protein sources before vs after a 12-h ruminal in situ digestion were similar (P > .lo). In a growth study, a basal diet of 80% ensiled corncobs and 20% alfalfa was fed to 60 individually fed crossbred steers (215 kg BW). Steers were supplemented with U, BM, Fth, 1/2 B M l D Fth, 1/2 BM:1/2 CGM and 1/3 B M l B Fth:1/3 CGM (protein basis). Protein sources were fed at 30, 45 and 60% of the supplemental N with urea supplying the remainder. Protein efficiency was calculated using the slope ratio technique. Protein efficiency was similar (P > .lo) for BM-and Fth-supplemented calves. Protein efficiencies were similar (P > .lo) for BM:CGM, BMFth and BM:Fth:CGM combinations. These data indicate the Fth is a digestible high escape protein source that is useful in diets for growing ruminants.
Introduction
Feather meal may be valuable as a protein source in ruminant diets. Jordan and Croom (1957) reported that gains of fattening lambs were slightly greater when feather meal replaced soybean meal. Perry et al. (1978) reported that performance of finishing cattle was similar when soybean meal or a combination of soybean meal and feather meal was fed.
Protein digestibility of feather meal has been reported to be comparable to that of cottonseed meal (Aderibigbe and Church, 1983b) but less than that of soybean meal (Thomas and Beeson, 1977; Church et al., 1982) .
Feather meal protein may escape ruminal digestion. Thomas and Beeson (1977) reported that steers fed soybean meal had higher ruminal ammonia N concentrations and higher urinary N excretion than those fed feather meal. A similar reduction in ruminal ammonia concentrations was reported by Daugherty and Church (1982) for feather meal vs soybean meal. However, the proportion of ruminal escape protein supplied by feather meal has not been determined.
The main objective of this research was to characterize ruminal escape and overall protein value of feather meal for growing ruminants. A secondary objective was to estimate the amino acid flow to the small intestine of calves fed feather meal diets.
Materials and Methods
Protein sources were analyzed for CP (AOAC, 1975) , soluble protein in a phosphate buffer (Poos-Floyd et al., 1985) , acid detergent insoluble nitrogen (ADIN, Goering et al., 1972) and pepsin insoluble nitrogen (PIN, Goering and Van Soest, 1970) . This feather meal (Fth) was commercially prepared from turkey feathers and had some blond addition (approximately 10% of DM). The blood was added prior to hydrolysis in a batch hydrolyzer.
In Situ Study. Alfalfa was available ad libitum as a basal diet to two mature, ruminally cannulated Angus x Hereford steers; fresh feed was provided once daily for a minimum of 14 d before bag incubation.
Approximately 2 g of soybean meal (SBM), blood meal (BM), Fth and corn gluten meal (CGM) were placed intran~minally in 7.6-cm x 12.7-cm dacr0n4 bags (50 micron pore size) for 12 h. Bags were sewn closed and attached to a nylon line with a sinker, which was attached to the ruminal cannula. Each protein source was placed in four bags within each steer. This procedure was replicated for three periods. After removal, bags were washed under flowing tap water until water leaving the bags was clear. Total N was determined for two bags for each steer and period (AOAC, 1975) . The other bags were used for amino acid analysis.
Amino acid and diaminopimelic acid (DAP) content were determined in BM, Fth, and CGM using samples composited within animal and period before and after 12 h of ruminal digestion. After lyopholization, samples were acid-hydrolyzed (AOAC, 1975). The amino acids in the hydrolysates were separated by ion exchange chromatography, derivatized postcolumn with 0-phthaldehyde and detected fluorometrically. In separate analyses, samples were oxidized with perfomate to convert methionine to methionine sulfone and cystine to cysteic acid prior to acid hydrolysis to determine methionine and cystine concentrations (AOAC, 1975). Complete oxidation was required because sulfur amino acids are partially oxidized during acid hydrolysis (Yamasake et al., 1982) . Also, a separate analysis for tryptophan was conducted using a modified procedure based on the method of Lewis et al. (1976) . The procedure was conducted manually rather than automatically. AU analyses were conducted in duplicate and means of duplicates were analyzed statistically.
The GLM procedure of SAS (1982) was used to statistically analyze the protein degradation data according to a randomized block design. Model effects included steer, period, protein source and the protein source x period interaction. The period x steer interaction was used as the error term even though the same two steers were used in each of the three periods. Least significant differences (SAS, 1982) were used to separate protein degradation means. For each protein source, each amino acid was compared before and after ruminal digestion. The model included effect of degradation time (0 vs 12 h) and period (3).
Digestion Study.
Thirty Suffolk x commercial white-face crossbred lambs (51 f 2.7 kg)
were allotted randomly to protein treatments. Lambs were fed a basal diet of 76% ensiled corncobs, 12% alfalfa hay and 12% supplement OM; .
Diets were formulated to contain 72% ensiled corncobs, 20% alfalfa (DM basis) and 8% protein supplement to balance for 11.5% CP, .6% Ca, .35% P and .13% S (Table 2) .
Diets containing natural protein sources were mixed with the urea control to obtain graded levels (30, 45 and 60%) of the supplemental protein from natural protein sources. Three or four animals were fed at each level. Diets were fed once daily at a constant percentage of BW for all treatments. Intake was altered to minimize orts (taken weekly) and maintained near ad libitum intake (2.22% BW).
Initial and final weights were the average of three consecutive days' weights taken before the morning feeding. All steers were implanted with estradiol-17P at the beginning of the study.
Postruminal digestible amino acid flows were calculated utilizing results obtained from the steer in situ study and the lamb digestion study. Composite samples of alfalfa and corncobs were analyzed for escape protein content using in situ incubation. Samples were ground through a 2-mrn screen and placed in dacron bags similar to the in situ study but were incubated for 20 h. The DAP content of the digested samples was used to adjust for microbial attachment. The amino acids provided in microbial protein were determined from a sample of ruminal contents obtained from a ruminally cannulated steer fed solka floc and nonprotein N. This was done to ensure that the amino acid profile of ruminal (Akin and Barton, 1983) and, thus, assumes that amino acid compositions of attached bacteria are similar to those of free bacteria. Amino acid and DAP analyses followed procedures described in the in situ study. Intake and gain were compared using the GLM procedure of SAS (1982). Gain above the urea control and protein intake were subjected to nonlinear regression (NLIN procedure of SAS, 1982) . This model forces a common intercept at the urea control. The slope derived from the non linear regression was used as the mean protein efficiency for each treatment. Mean protein efficiencies for each treatment were compared using a o n e tailed t-test (Steel and Tome, 1980 Weakley et al. (1984) , who reported that the amino acid profile of SBM was not altered extensively during in situ incubation. These data suggest that the amino acid profile of the ruminal escape protein for BM, Fth and CGM was very similar to the amino acid profile that was fed.
Digestion Study. The digestion study detected no differences (P > .20) in DM or total tract N digestibility when lambs were fed urea-, SBM-, BM-, Fth-or CGM-supplemented diets. True N digestibilities were 96.8, 94.6, 100.2 and 96.5, respectively. True N digestibilities were calculated by difference from the urea control. We assumed that sufficient ammonia was supplied by urea and rumen degradable protein to meet the needs of the rumen microorganisms. We also assumed that apparent N digestibility of urea in the control above that needed by the microorganisms was 100%. Any decrease in apparent N digestibility in the diets containing test protein sources was assumed to be due to the indigestibility of the N in the test protein source. The true N digestibility was calculated as: 100 -(N digestibility of urea control diet -N digestibility of test protein diet) + protein source N as a percentage of total diet N. The similar N digestion of SBM and Fth does not agree with previous data. Thomas and Beeson (1977) reported that N digestibility was reduced from 68% to 59% when Fth replaced SBM in the diet. Church et al. (1982) reported that protein digestibility was reduced 5.7 and 8.5 percentage units in two digestion studies when Fth replaced 70% of the SBM protein in the diet. In these studies, the replacement of SBM by Fth may have reduced the amount of protein degraded in the rumen and, thus, the ruminal ammonia concentration may have been reduced below the optimal level for maximal ruminal digestion. This could have increased the amount of digestion that occurred in the hind gut and, thus, increased the amount of fecal microbial N. Higher fecal microbial N would reduce the apparent N digestibility for any diet.
The N digestibility of Fth compared to SBM in the current study also may be due to the method of processing of Fth. During processing, blood was added to the feathers. This addition may have increased digestibility of the product. Pressure and duration of hydrolysis also may influence digestibility (Aderibigbe and Church, 1983a (Figure 1 ; P > .lo). The ruminal escape value of Fth was less than that of BM in the in situ study. Thus, less protein probably entered the small intestine from Fth than from BM, but protein efficiency was similar, perhaps indicating that the quality of Fth escape BExpressed as the average of levels fed.
bcMeans in the same row with unlike letters in their superscripts differ (P c .05). Maximal response (.31 kg/d) Protein intake above the urea control, kg/d protein was at least comparable to the quality of BM escape protein in this study. When the combinations of BM:Fth or B:Fth:CGM were fed, protein efficiency increased numerically but not statistically (P > .lo). When combmations of BM and either Fth or CGM were fed, the BM may have supplied needed lysine, and Fth or CGM may have provided needed sulfur amino acids. The protein efficiency of BM: CGM was improved compared with BM or Fth (P < .05) but was similar to protein efficiency of BMFth and BM:Fth:CGM (P > .lo). Stock et al. (1981) reported a 28% improvement (P > .05) in protein efficiency when BM: CGM was fed compared with BM. In the current study, a 79% improvement in protein efficiency was observed for BM:CGM compared with BM. This large improvement in protein efficiency may be due to large animal variation. The 16% and 14.4% improvements for BM:Fth:CGM and BMFth compared with BM are near the expected responses.
The level of blood added to Fth in this study is not known. Approximately 10% blood would be present if all the blood produced from poultry slaughter were added to the feathers. This added blood may have affected quality and possibly reduced the complementary effect of adding BM to the Fth protein.
The amount of digestible ruminal escape protein and amino acids absorbed from the small intestine at maximal gain from supplemental protein sources was calculated using protein and amino acid degradation data from the steer in situ study and digestibilities from the lamb study. The gams of supplemental protein required for maximal gain was multiplied by its escape value and amino acid profile (after in situ digestion) to determine the supplement contribution to amino acid absorption. Ruminal microbial amino acid absorption (Table 6 ) from the small intestine was based on the conversion of 10.44% of TDN to digestible microbial CP (Burroughs et al., where MA4 = metabolizable amino acid supply; P = amount of protein source required for maximal gain; DEP = digestible escape protein of protein source; PAA = protein source amino acid composition after ruminal digestion; DMI = DM intake; MPAA = microbial protein amino acid profile; BDI = basal diet intake, EDP = escape of basal diet protein and BDAA = basal diet amino acid content. The amount of ruminal escape protein from alfalfa and ensiled corncobs was estimated by 20-h dacron bag degradation to be 3.28% of protein fed, with 16% of the escape protein in the form of ADIN. The amino acid profile of the alfalfa and ensiled corncobs escaping ruminal digestion was assumed to be similir to the composition that was fed. The 20-h in situ incubation time is an attempt to simulate slower passage from the rumen of forage than of these protein s m e s .
The total amino acid profile absorbed at maximal gain (Table 7) then was compared to 1974). This calculation is supported by the total duodenal CP flow data in the summary by Rohr et al. (1986) . The resulting equation was: the requirements estimated by Burroughs et al. (1974) . The amount of amino acids supplied for each protein source at maximal gain indicates that levels of threonine, methionine and tryptophan were very similar for all treatments. The CV among treatments for the amino acids was less than 20%, indicating that these amino acids were at or near the minimal level required for maximal gain and thus may be limiting in microbial protein and basal dietary escape protein. Other amino acids may have been fed in excess in some of the protein treatments, as indicated by the variability in their supply across treatments. Similarities in amounts also may be attributed to the low contribution of amino acids from the supplement relative to the amounts from microbial protein and other components of the diets.
The requirement for any amino acid should be constant across the treatments. With the slope ratio technique, it was possible to determine how much protein from the test source was needed to meet the requirement for the first limiting amino acid. If a given amino acid was not first limiting or co-limiting, then it would be fed in excess in a given treatment. Some thirty-five to 40% of the metabolizable protein was supplied by the test proteins in these diets. Because of the large difference in amino acid patterns in these protein sources, different profiles of amino acids were presented to the small intestine on these different diets. If a specific amino acid, such as methionine, gave a similar value (low CV) across diet, then it was likely first limiting and the m e a value may be indicative of the requirement. Conversely, if an amino acid such as lysine was not first limiting on a diet such as the blood meal diet, then the level supplied would be higher and a larger c"v across diets would result.
For the BM diet, lysine may have been overfed, because the other treatments providing less lysine gave similar rates of gain. For BM to supply needed levels of sulfur amino acids, threonine, tryptophan and(or) isoleucine, lysine was fed at higher levels than the other treatments. Nimrick et al. (1970) and Richardson and Hatfield (1978) reported that methionine, lysine and threonine were limiting amino acids in microbial protein. Low variations in calculated amino acid flows from OUT study support that conclusion. Methionine and threonine appear to be at a minimal level for all treatments. With the exception of the BM treatments, lysine also may be at the minimal level.
In swine diets, cystine may supply 50% of the sulfur amino acids, but a range of 40 to 70% cystine may not alter performance (ARC, 1981). Data from the current study indicate that the supply was near this presumed optimal ratio. Cystine supplied approximately 50% of the sulfur amino acids for BM, BMFth, BM: CGM and BM:Fth:CGM treatments and slightly more than 50% for the Fth treatment. During hydrolysis of feathers, lanthionine can be formed (Baker, 1986) . The feather meal source used in this experiment contained 7.08% lanthionine prior to ruminal degradation and 4.0% following degradation. Some of the lanthionine may be utilized by nonruminants (Baker, 1986) , but usefulness for ruminants has not been determined. We assumed no utilization because lanthionine was not included in total sulfur amino acids. Lysinoalanine was not detected in the samples.
The average amount of each amino acid for each treatment, expressed as a percentage of total amino acids, can be compared to estimates of amino acid requirements of Burroughs et al. (1974) calculated as the percentage of protein present in beef tissue. The percentages of methionine, tyrosine, phenylalanine, lysine, histidine, arginine and tryptophan in beef tissue were quite similar to the calculated optimal amino acid percentages in the current study at maximal gain. Comparisons of these values also indicate that threonine, valine, cystine, isoleucine and leucine were in excess in the current study. However, using the amino acid profile of beef tissue as a standard for amino acid requirements does not consider metabolic needs and losses. Thus, the amino acid profile of beef tissue may not reflect fully the amino acid requirement for optimal growth.
lmpllcations
Feather meal contains over twice the ruminal escape protein of soybean meal. Feather meal protein appears to be as digestible as soybean meal, blood meal and corn gluten meal. When fed to calves, feather meal that contained some blood had a protein value similar to blood meal. Amino acid profiles indicate that feather meal may provide ruminal escape sulfur amino acids that may limit growth of ruminants.
